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TO ALL WHOM IT MAY CONCERN : 

BE IT KNOWN THAT WE, AKIRA MASHIMO, a 
O citizen of Japan residing at: Tokorozawa-Shi , 

^ Saitama-Ken, Japan and KEISHI UENO, a citizen of Japan 

residing at Hanno-Shi, Saitama-Ken, Japan have 
invented certain new and useful improvements in 



SIGNAL PROCESSING CIRCUIT AND SIGNAL PROCESSING METHOD 



of which the following is a specification:- 
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TITLE OF THE INVENTION 

SIGNAL PROCESSING CIRCUIT AND SIGNAL PROCESSING 

METHOD 

BACKGROUND OF THE INVENTION 

1, Field of the Invention 

The present invention relates generally to 
signal processing circuits and methods, and more 
particularly to a signal processing circuit for processing 
a digital signal generated from a frequency modulation 
(FM) signal in an optical disk apparatus and a method of 
processing such a digital signal, 

2. Description of the Related Art 
Conventionally, a signal processing circuit used 

for generating a digital FM signal from an FM signal is 
provided in a reproduction system of an optical disk 
apparatus . 

FIG. 1 is a block diagram showing a conventional 
signal processing circuit 10, and FIG. 2 is an ideal 
timing chart of signals in the conventional signal 
processing circuit 10. In FIG. 1, the signal processing 
circuit 10 includes a two-edge detection circuit 11, a 
counter circuit 12, a latch circuit 13, and a digital low- 
pass filter (LPF) circuit. 

The two-edge detection circuit 11 is supplied 
with an FM signal shown in FIG. 2 (a) from a terminal 15. 
The two-edge detection circuit 11 converts the supplied FM 
signal into an FM pulse signal shown in FIG. 2 (b) so that 
a level of the FM pulse signal becomes "High" when a level 
of the FM signal is higher than a zero level and "Low" 
when the level of the FM signal is lower than the zero 
level. Further, the two-edge detection circuit 11 
generates a two-edge signal 18 shown in. FIG. 2 (c) by 
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detecting rising and falling edges of the FM pulse signal. 
The two-edge signal 18 is supplied to the counter circuit 
12, the latch circuit 13 and the digital LPF circuit 14. 

The counter circuit 12 is supplied with clock 
pulses from a terminal 16 and with the two-edge signal 18 
from the two-edge detection circuit 11. The counter 
circuit 12 counts the clock pulses to supply a counted 
value 19 expressed in bits Ql through Qn to the latch 
circuit 13. Also, as receiving the two-edge signal 18, 
the counter 12 is reset by the two-edge signal 18 and 
counts the clock pulses between the rising and falling 
edges . 

In FIG. 2 (d) , when the count of the clock 
pulses is continued until the counted value reaches Nl, 
the counted value is reset by an edge output of the two- 
edge signal 18 shown in FIG, 7 (c) to become zero. After 
the counter circuit 12 is reset, the count of the clock 
pulses is resumed. When the count continues until the 
counted value reaches N2, the counted value is again reset 
by an edge output of the two -edge signal 18. Thus, the 
counted value becomes Nl, N2, N3, and N4 in the order 
listed each time the counter circuit 12 is reset by the 
two -edge signal 18. 

The latch circuit 13 is supplied with the 
counted value 19 from the counter circuit 12 and with the 
two-edge signal 18 from the two-edge detection circuit 11. 
The latch circuit 13 latches the counted value 19 based on 
timings of edge outputs of the two-edge signal 18. In FIG. 
2 (d), the latch circuit 13 latches each of the counted 
values Nl through N4 at each timing at which the counted 
value is reset. A latched counted value 20 is supplied to 
the digital LPF 14. 

The digital LPF 14 is supplied with the latched 



counted value 20 from the latch circuit 13 and with the 
two-edge signal 18 from the two-edge detection circuit 11. 
The digital LPF 14 performs a digital processing on the FM 
signal based on the latched counted value 20 supplied from 
the latch circuit 13 so as to eliminate high frequency 
components from the FM signal. The digitally processed FM 
signal is supplied to a terminal 17. A signal processing 
is then performed based on an output digital data of the 
digital LPF 14. 

Thus, according to the signal processing circuit 
10, the two -edge signal 18 generated from the FM pulse 
signal generated from the FM signal is detected, so that 
the counter circuit 12 counts the number of the clock 
pulses based on timings of edge outputs of the two -edge 
signal 18. The digital processing is then performed based 
on the counted value of the clock pulses and the signal 
processing is further performed. 

In the case of performing the signal processing 
at the ideal timings shown in FIG. 2, a signal or a 
counted value based on the FM signal can be obtained, and 
therefore a correct digital FM signal can be obtained. 
However, an actual FM signal contains noises. 

FIG. 3 is a diagram showing a waveform of an 
actual FM signal and an enlarged view of the waveform 
around a zero level. In FIG. 3, since the FM signal 
crosses the zero level a plurality of times in its 
neighborhood due to noises contained in the FM signal, 
each of rising and falling edges of the FM signal is 
detected a plurality of times. Therefore, the two-edge 
detection circuit 11 shown in FIG. 1 is prevented from 
correctly detecting the rising and falling edges of the FM 
signal, thus preventing a correct two-edge signal 18 from 
being supplied. 



FIG, 4 is a timing chart in an actual signal 
processing. FIG. 4 (a) through (d) show an FM pulse 
signal, a two-edge signal, clock pulses (CLK) , and a count 
value, respectively. A timing chart of each signal of FIG. 
4 is based on the actual FM signal shown in FIG. 3, which 
signal contains the noises. 

Since the FM signal shown in FIG. 3 crosses the 
zero level a plurality of times due to the noises 
contained in the FM signal, the FM pulse signal shown in 
FIG. 4 (a) includes a plurality of risings and fallings in 
respective rising and falling periods Tl and T2 of the FM 
pulse signal. These risings and fallings are called 
chattering . 

Due to the chattering generated in the FM pulse 
signal, a plurality of edges are detected in the 
respective periods Tl and T2 as shown in FIG. 9 (b) . 
Therefore, a position at which the count of the clock 
pulses is started cannot be determined correctly, thus 
preventing the counted value shown in FIG. 4 (d) from 
being correctly obtained. 

Accordingly, in the case of processing the 
actual FM signal in the signal processing circuit, a 
signal processing is prevented from being performed on a 
correct digital FM signal due to the chattering caused in 
the FM pulse signal by the noises contained in the FM 
signal . 

For this reason, a below- described method has 
been employed so that a correct digital FM signal can be 
obtained even in the case of processing the FM pulse 
signal in which the chattering is caused. 

FIG. 5 is a timing chart of signals in a 
conventional method of eliminating chattering. FIG. 5 (a) 
through (c) show an FM pulse signal, an FM pulse signal 



from which the chattering is eliminated, and a two -edge 
signal, respectively. After the chattering is eliminated 
from the FM pulse signal of FIG. 5 (a) in the two-edge 
detection circuit 11 shown in FIG. 1, the FM pulse signal 
of FIG. 5 (a) is converted into the FM pulse signal of FIG. 
5 (b). The two-edge signal of FIG. 5 (c) is generated 
based on the FM pulse signal of FIG. 5 (b) . 

With respect to the chattering -eliminated FM 
pulse signal of FIG. 5 (b), if chattering is caused at a 
timing tl, for example, a rising edge is prevented from 
being confirmed xantil a timing t2 at which the chattering 
disappears. Then, after the FM pulse signal is maintained 
at a constant level for a predetermined period T3, the FM 
pulse signal confirms the detection of the rising edge at 
a timing t3. At this time, a period Tx is required for 
confirming the detection of the rising edge of the 
chattering-eliminated FM pulse signal. 

Next, if chattering is caused at a timing t4, a 
falling edge is prevented from being confirmed until a 
timing t5 at which the chattering disappears. Then, after 
the FM pulse signal is maintained at a constant level for 
the predetermined period T3, the FM pulse signal confirms 
the detection of the falling edge at a timing t6. At this 
time, a period Ty is required for confirming the detection 
of the falling edge of the chattering-eliminated FM pulse 
signal. 

On the other hand, since no chattering is caused 
at timings t7 and t9, the respective detections of rising 
and falling edges are delayed by the predetermined period 
T3 so as to be confirmed at timings t8 and tlO, 
respectively . 

Thus, the chartering-eliminated FM pulse signal 
is generated by such a method which confirms the detection 



of a rising or falling edge when the FM pulse signal is 
maintained at a constant level for a predetermined period. 
In this method, when chartering is caused, a delay in 
confirming the detection of an edge is a total of a period 
required before the disappearance of the chattering and 
the predetermined period, and when no chattering is caused, 
the delay is only the predetermined period. 

As previously described, an actual signal 
contains noises, thus preventing a rising or falling edge 
of the signal from being detected at a constant period. 
Therefore, a correct signal processing is prevented from 
being performed. 

Further, in the case of confirming the detection 
of an edge by delaying the confirmation, in order to 
eliminate the noises, for a total of a predetermined 
period and a period during which the noises are caused, a 
delay in detecting the edge differs depending on the 
presence or absence of the noises. Therefore, a period of 
the signal is changed. Thereby, the counted value becomes 
abnormal and a value held by the latch circuit is also 
increased/ decreased with respect to a normal value. As a 
result, a correct signal cannot be obtained. 

SUMMARY OF THE INVENTION 

It is a general object of the present invention 
to provide a signal processing circuit and a signal 
processing method, in which the above disadvantages are 
eliminated . 

A more specific object of the present invention 
is to provide a signal processing circuit and a signal 
processing method which can process an input pulse signal 
in a correct period. 

The above objects of the present . invention are 



achieved by a signal processing circuit generating a 
digital signal based on an input pulse signal, which 
circuit includes a clock pulse output circuit which 
outputs clock pulses having one of positive and negative 
polarities for a period which includes a pulse of the 
input pulse signal, a counter circuit which counts the 
clock pulses, and an output circuit which outputs the 
digital signal based on a counted value of said counter 
circuit . 

According to the above-described circuit, the 
counted values of the clock pulses can be obtained from 
both high and low levels of the input pulse signal. 
Therefore, a more correct digital signal can be output 
based on these counted values. 

The above objects of the present invention are also 
achieved by a method of generating a digital signal based 
on an input pulse signal, which method includes the steps 
of (a) outputting clock pulses of a positive or negative 
polarity for a period including a pulse of the input pulse 
signal, (b) counting the clock pulses, and (c) outputting 
the digital signal based on the counted value obtained in 
the step (b) • 

According to the above-described method, the 
counted values of the clock pulses can be obtained from 
both high and low levels of the input pulse signal. 
Therefore, a more correct output digital signal can be 
output based on these counted values. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the 
present invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings, in which: 



FIG. 1 is a block diagram showing a conventional 
signal processing circuit; 

FIG, 2 is an ideal timing chart of signals in 
the conventional signal processing circuit of FIG. 1; 

FIG. 3 is a diagram showing a waveform of an 
actual FM signal and an enlarged view of the waveform 
around a zero level; 

FIG. 4 is a timing chart of signals in an 
actual signal processing; 

FIG. 5 is a timing chart of signals in a 
conventional method of eliminating chattering; 

FIG. 6 is a block diagram of an optical disk 
apparatus according to a first embodiment of the present 
invention; 

FIG. 7 is a block diagram showing a signal 
processing circuit according to a second embodiment of the 
present invention; 

FIG. 8 is a timing chart of signals in the 
signal processing circuit of FIG. 7; 

FIG. 9 is a block diagram of a signal processing 
circuit according to a third embodiment of the present 
invention; 

FIG. 10 is a timing chart of signals in the 
signal processing circuit of FIG. 9; 

FIG. 11 is a block diagram of a signal 
processing circuit according to a fourth embodiment of the 
present invention; and 

FIG. 12 is a timing chart of signals in the 
signal processing circuit of FIG. 11. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



A description will be given, with reference to 
the accompanying drawings, of embodiments of the present 



invention. 

FIG. 6 is a block diagram of an optical disk 
apparatus 100 according to a first embodiment of the 
present invention. 

In FIG. 6, the optical disk apparatus 100 
includes a disk 40, an optical system 41, a spindle motor 
42, a thread motor 43, a laser driver 44, a front monitor 
45, an ALPC (Absolute Time In Pregroove) 46, a memory 
compensation circuit 47, a wobble signal processing unit 
48, an RF (radio frequency) amplifier 49, a focus /tracking 
servo circuit 50, a feeding servo circuit 51, a spindle 
servo circuit 52, a CD encoding/decoding circuit 53, a D/A 
(digital-to-analog) converter 54, an audio amplifier 55, 
RAMs 56 and 58, a CD-ROM encoding/decoding circuit 57, an 
interface/buffer controller 59, a CPU (central processing 
unit) 60, and a host computer 61. 

A signal processing circuit for performing a 
signal processing according to the first embodiment of the 
present invention is provided in the wobble signal 
processing unit 48. An FM signal is processed through 
this circuit so that a digital FM signal is generated. On 
the other hand, a recording system includes the optical 
system 41, the laser driver 44, the front monitor 45, the 
ALPC 46, the memory compensation circuit 47, and the 
wobble signal processing unit 48. A signal is recorded on 
a recording medium such as an optical disk through these 
circuits . 

The optical system 41, which shows an optical 
head for reading a signal from the disk 40, includes an 
objective lens, an actuator, a 1/4 wavelength plate, a 
collimator lens, a beam splitter, a lighting emitting 
element (laser diode), and a photo-electric element 
(photodetector) . The optical system 41 is controlled by 
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the thread motor 43 and the focus /tracking servo circuit 
50. 

The thread motor 43 is controlled by the feeding 
servo circuit 51 so as to move an optical pickup in a 
radial direction of the disk 40. The focus/tracking servo 
circuit 50 serves to control both a focus servo and a 
tracking servo. 

The disk 40, which is a CD-R (compact disk 
recordable) or a CD-RW (compact disk rewritable), is 
controlled by the spindle motor 42. 

The spindle motor 42 is controlled by the 
spindle servo circuit 52 so that the disk 40 is rotated at 
a predetermined rotation speed. 

As previously described, the focus /tracking 
servo circuit 50, the feeding servo circuit 51, and the 
spindle servo circuit 52 perform their respective control 
operations based on signals from the CPU 60 and the RF 
amplifier 49. The RF amplifier 49 is a head amplifier for 
amplifying a reproduction signal and includes a matrix 
amplifier. The amplified reproduction signal is supplied 
from the RF amplifier 49 to the respective servo control 
circuits . 

By these control circuits, a desired position of 
the disk 40 is determined, and the reproduction signal 
from the disk 40 is transmitted from the optical system 41 
to the RF amplifier 49. An EFM signal is transmitted from 
the RF amplifier 49 to the CD encoding /decoding circuit 53, 
which performs an encoding/ decoding using CIRC (cross- 
interleave Reed- Solomon code), a modulation /demodulation 
using EFM (eight to fourteen modulation), and a 
synchronism detection. A demodulation process in the CD 
encoding/decoding circuit 53 is performed based on clock 
pulses supplied from the CPU 60 to the CD 



encoding /decoding circuit 53. The demodulated signal is 
transmitted to the CD-ROM encoding/decoding circuit 57, 
which serves to perform such processes as an 
encoding /decoding using ECC (Error Correction Coding) 
peculicLT to a CD-ROM, and a header detection. In order to 
perform these processes, data is temporarily stored in the 
RAM 56. The processed data is transmitted to the 
interface/buffer controller 59, which serves to 
transmit /receive data to/from the host computer 61 and to 
control a data buffer. In order to perform the processes, 
the data is temporally stored in the RAM 58. 

The previously described CD-ROM 
encoding/decoding circuit 57 and interface/buffer 
controller 59 are also controlled by the CPU 60. The 
results of the processes performed in the interface/buffer 
controller 59 is transmitted to the host computer 61, 
where a process is performed in accordance with the 
transmitted data. 

On the other hcind, in the case of outputting an 
audio signal, the demodulation signal is transmitted from 
the CD encoding/decoding circuit 53 to the D/A converter 
54 so as to be converted from a digital signal into an 
analog signal. The analog signal is amplified by the 
audio amplifier 55 to be output as an audio signal. 

Thus , the optical disk appeuratus 100 performs a 
reproduction /recording process . The signal processing 
circuit according to the present invention is provided in 
the wobble signal processing unit 48 of the reproduction 
system so as to process a digital FM signal generated from 
the FM signal. 

A description will now be given of a second 
embodiment of the present invention. 

FIG. 7 is a block diagram showing a signal 



processing circuit 30 according to the second embodiment. 

In FIG. 1 , the signal processing circuit 30, 
which is provided in the wobble signal processing unit 48 
of FIG. 6, includes a positive polarity (active-high) gate 
71, a negative polarity (active-low) gate 72, a counter 
circuit (positive polarity) 73, a counter circuit 
(negative polarity) 74, latch circuits 75 and 76, a 
switching circuit 78, a digital LPF 79, an R-S flip flop 
77, delay circuits 80 through 82, and an OR gate 83. 

Each of the positive and negative polarity gates 
71 and 72 is coupled to a wobble FM pulse signal terminal 
84 and to a clock terminal 85. To each of the positive 
and negative polarity gates 71 and 72, an FM pulse signal 
is supplied from the wobble FM pulse signal terminal 84 
and a clock pulse signal is supplied from the clock 
terminal 85. 

The positive polarity gate 71 transmits clock 
pulses to the counter circuit 73 when the FM signal has a 
level higher than a zero level, that is, when the FM pulse 
signal is at a high level. The negative polarity gate 72, 
on the other hand, transmits the clock pulses to the 
counter circuit 74 when the FM signal has a level lower 
than the zero level, that is, when the FM pulse signal is 
at a low level. 

The counter circuit 73, which includes a preset 
input and a carry output, counts the clock pulses supplied 
from the positive polarity gate 71. The counter circuit 
73 resets a counted value expressed in bits Ql through Qn 
when a pulse is input to the preset input. Further, the 
counter circuit 73 outputs a pulse to the delay circuit 81 
and to the latch circuit 76 when the counted value becomes 
a predetermined value. 

The delay circuit 81 delays a carry pulse 



(output) of the counter circuit 73 for a predetermined 
period and supplies the carry pulse to the preset input of 
the counter circuit 74, a set input of the R-S flip flop 
77, and the OR gate 83. 

The latch circuit 75 latches the counted value 
supplied from the counter circuit 73 by means of the carry 
pulse of the counter circuit 74. The latched counted 
value is supplied to a B input of the switching circuit 78. 

The counter circuit 74, which includes a preset 
input and a carry output, counts the clock pulses supplied 
from the negative polarity gate 72. The counter circuit 
74 resets a counted value when the pulse supplied from the 
counter circuit 73 is input to the preset input. Further, 
the counter circuit 74 outputs a pulse to the delay 
circuit 80 and to the latch circuit 75 when the counted 
value becomes a predetermined value. 

The delay circuit 80 delays a carry pulse 
(output) of the counter circuit 74 for a predetermined 
period and supplies the carry pulse to the preset input of 
the counter circuit 73, a reset input of the R-S flip flop 
77, and the OR gate 83. 

The latch circuit 76 latches the counted value 
supplied from the cotinter circuit 74 by mecins of the carry 
pulse of the counter circuit 73. The latched counted 
value is transmitted to an A input of the switching 
circuit 78 . 

The switching circuit 78 switches between the 
counted values supplied to the A and B inputs from the 
latch circuits 76 and 75, respectively, based on a pulse 
signal (Q output) supplied from the R-S flip flop 77. 

The R-S flip flop 77, which includes the set and 
reset inputs, transmits the Q output to the switching 
circuit 78 so as to control a switching operation thereof. 



Based on the above-mentioned Q output, an output 
of the switching circuit 78 is switched between the 
counted values input to the A and B inputs, respectively. 
The output of the switching circuit 78 is supplied to the 
digital LPF 79, and the digital FM signal is output from 
the terminal 86. 

The digital LPF 79 is also supplied with a pulse 
obtained by delaying an output of the OR gate 83 in the 
delay circuit 82. The digital LPF 79 outputs the digital 
FM signal based on the supplied pulses. 

Thus, high-level and low-level periods of the FM 
pulse signal can be reliably determined by providing the 
signal processing circuit 30 with the positive and 
negative polarity gates 71 and 72 so as to obtain timings 
for counting the clock pulses in the respective high-level 
and low- level periods of the FM pulse signal to calculate 
the lengths of the respective periods each including 
chattering. 

FIG. 8 is a timing chart of signals in the 
signal processing circuit 30. FIG. 8 (a) through (n) show 
the FM pulse signal, the clock pulses (CLK), the output of 
the positive polarity gate 71, the output of the negative 
polarity gate 72, the positive polarity (active-high) 
counted value (counted value of the counter circuit 73) , 
the negative polarity (active-low) counted value (counted 
value of the counter circuit 74), the carry pulse 
(positive) (carry output of the counter circuit 73), the 
carry pulse (negative) (carry output of the counter 
circuit 74), the delay pulse (positive) (output of the 
delay circuit 81), the delay pulse (negative) (output of 
the delay circuit 80), the Q output of the R-S flip flop 
77, the output counted value (output of the switching 
circuit 78), the output of the OR gate 83, and the delay 



pulse (OR) (output of the delay circuit 82), respectively. 

The FM pulse signal of FIG. 8 (a) and the clock 
pulses of FIG. 8 (b) are supplied to the respective 
positive and negative polarity gates 71 and 72. When the 
FM pulse signal is at the low level, the positive polarity 
gate 71 is closed while the negative polarity gate 72 is 
opened, so that the clock pulses are output as shown in 
FIG. 8 (c) and (d) . 

At a timing tl, the FM pulse signal is switched 
to the high level. At this time, the positive polarity 
gate 71 is opened so as to supply the clock pulses to the 
counter circuit 73. The counter circuit 73 counts the 
supplied clock pulses . This positive polarity counted 
value varies as shown in FIG. 8 (e). 

During a period between the timing tl and a 
timing t2, chattering is caused in the FM pulse signal . 
At this time, since the clock pulses are supplied only 
intermittently from the positive polarity gate 71, the 
positive polarity coxanted value increases slowly. 

After a predetermined period Tc passes since the 
positive polarity gate 71 starts to supply the clock 
pulses to the counter circuit 73 at the timing tl, the 
counter circuit 73 supplies the carry pulse (positive) of 
FIG. 8 (g) to the delay circuit 81 and to the latch 
circuit 76 at a timing t3. The period Tc is determined 
based on the positive polarity counted value. 

At the timing t3, the latch circuit 76 latches 
the coTinted value of the counter circuit 74 based on the 
carry pulse (positive) supplied from the counter circuit 
73. Thereafter, the carry pulse (positive) from the 
counter circuit 73 is delayed by the delay circuit 81. 
The delay pulse (positive) shown in FIG. 8 (i) is supplied 
to the preset input of the counter circuit 74. Then, the 



counted value of the counter circuit 74 is reset. The 
delay pulse (positive) delayed by the delay circuit 81 is 
determined in consideration of a latched period. 

During a period between the timing t2 and a 
timing t4, since the FM pulse signal is maintained at the 
high level, the positive polarity counted value increases 
to a certain extent. 

At the timing t4, the FM pulse signal is 
switched to the low level. At this time, the negative 
polarity gate 72 is opened to supply the clock pulses to 
the counter circuit 74. The counter circuit 74 counts the 
supplied clock pulses. This negative polarity counted 
value varies as shown in FIG. 3 (f ) . 

During a period between the timing t4 and a 
timing t5, chattering is caused in the FM pulse signal. 
At this time, the clock pulses are supplied intermittently 
from the respective positive and negative polarity gates 
71 and 72. Therefore, both of the positive and negative 
polarity counted values increase slowly. 

After the predetermined period Tc passes since 
the negative polarity gate 72 starts to supply the clock 
pulses to the counter circuit 74 at the timing t4, the 
counter circuit 74 supplies the ceirry pulse (negative) of 
FIG. 8 (h) to the latch circuit 75, the positive polarity 
gate 71, and the delay circuit 80 at the timing t6. 

At the timing t6, the latch circuit 75 latches 
the counted value of the counter circuit 73 based on the 
carry pulse (negative) from the counter circuit 74. 
Thereafter, the carry pulse (negative) supplied from the 
counter circuit 74 is delayed by the delay circuit 80. 
The delay pulse (negative) shown in FIG. 8 (j) is supplied 
to the preset input of the counter circuit 73. Then, the 
counted value of the counter circuit 73 is reset. 



During a period between the timing t6 and a 
timing t7; since the FM pulse signal is maintained at the 
low level, the negative polarity counted value increases 
to a certain extent. 

The R-S flip flop 77 is set by the delay pulse 
(positive) supplied from the delay circuit 81, emd is 
reset by the delay pulse (negative) supplied from the 
delay circuit 80. The Q output generated based on these 
set and reset operations is supplied to the switching 
circuit 78 . 

The switching circuit 78 performs a switching 
operation so that the positive polarity counted value 
input to the A input is output when the Q output is at a 
high level, and the negative polarity counted value input 
to the B input is output when the Q output is at a low 
level. The output of the switching circuit 78 is shown as 
the output counted value of FIG. 8 (1), That is, the 
output of the switching circuit 78 is switched to the 
positive polarity counted value by the carry pulse 
(positive) and to the negative polarity counted value by 
the carry pulse (negative) . When these carry pulses are 
supplied to the OR gate 83, the output shown in FIG. 8 (m) 
is output from the OR gate 83- The output of the OR gate 
83 is supplied to the delay circuit 82, so that the output 
is delayed as shown in FIG. 8 (n) . The delay provided by 
the delay circuit 82 is determined in consideration of a 
period which the switching circuit 78 requires in 
outputting the coionted value. 

The output data (counted value) of the switching 
circuit 78 cind the pulse delayed by the delay circuit 82 
(delay pulse) are transmitted to the digital LPF 79. The 
signal processing is performed on the data transmitted to 
the digital LPF 79. based on the delay pulse. 
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Thus, in the FM pulse signal having chattering 
caused therein, by switching between the positive and 
negative polarity gates 71 and 72 by using the period Tc, 
namely, the positive and negative polarity counted values, 
5 the counted values each having a more correct period can 
be obtained. Accordingly, a proper signal processing can 
be performed. 

On the other hand, in a case where no chattering 
is caused as in a period between the timing t7 and a 
10 timing t8, a switching operation is performed to switch 

between the positive and negative polarity gates 71 and 72 
after the period Tc passes since a rising or falling is 
caused in the FM pulse signal. Thereafter, the respective 
g counter circuits 73 and 74 and the respective latch 

01 15 circuits 75 and 76 are controlled as described above so 

01 ■ 

ffl that the signal processing is performed. 

^ Thus, even when no chattering is caused, by 

switching the positive and negative polarity gates 71 and 
72 by using the period Tc, namely, the positive and 

p 20 negative polarity counted values, the counted values each 



having the correct period can be obtained. As a result, 
the proper signal processing can be performed. 

A description will now be given of a third 
embodiment of the present invention, 

25 FIG. 9 is a block diagram of a signal processing 

circuit 31 according to the third embodiment. The signal 
processing circuit 31 is a variation of the signal 
processing circuit 30 shown in FIG. 7. In FIG. 9, the 
same elements as those of FIG. 7 are referred to by the 

30 same numerals and a description thereof will be omitted. 
In FIG. 9, the signal processing circuit 31 includes AND 
gates 87 and 88, an inverter 89, a high-gate counter 90, a 
low-gate counter 93, a counter circuit (positive poleirity) 
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97, a counter circuit (negative polarity) 95, gate 
circuits 91 and 94, latch circuits 96 and 98, an R-S flip 
flop 92, a high-edge output circuit 99, a low-edge output 
circuit 102, and delay circuits 101 and 103. 

The AND gate 87 is connected to an FM pulse 
signal terminal 84 and a clock terminal 85 so as to 
perform an AND operation based on an FM pulse signal and 
clock pulses supplied from the FM pulse signal terminal 84 
and from the clock terminal 85, respectively, to the AND 
gate 87. The AND gate 88 is connected to the clock pulse 
terminal 85 and the inverter 89 so as to perfojnn an AND 
operation based on the clock pulses and an inverted FM 
pulse signal supplied from the inverter 89. 

The high-gate counter 90, which includes a 
preset input and a carry output, counts the clock pulses 
supplied from the AND gate 87. The high-gate counter 90 
counts the clock pulses while the FM pulse signal is at a 
high level, and supplies a counted value expressed in bits 
Ql through Qn to the gate circuit 91. 

The gate circuit 91 supplies a pulse to a set 
input of the R-S flip flop 92 when the supplied counted 
value reaches a predetermined value, for instance, a value 
corresponding to half the time of the minimum half period 
of the FM pulse signal. 

The low- gate counter 93, which has the same 
structure as the above -described high-gate counter 90, 
counts the clock pulses supplied from the AND gate 88. 
The low-gate counter 93 counts the clock pulses while the 
FM pulse signal is at a low level. The low-gate counter 
93 supplies the low order bits Ql through Qk of a counted 
value expressed in bits Ql through Qn to the gate circuit 
94. 

The gate circuit 94 supplies a pulse to a reset 



input of the R-S flip flop 92 when the supplied counted 
value reaches a predetermined value, for instance, a value 
corresponding to half the time of the minimum half period 
of the FM pulse signal. 

When the pulse is supplied from the gate circuit 
91 to the set input of the R-S flip flop 92, the R-S flip 
flop 92 supplies a Q output to the low-gate counter 93 so 
that the low-gate counter 93 starts to count the clock 
pulses. V/hen the pulse supplied from the gate circuit 94 
is input to the reset input of the R-S flip flop 92, the 
R-S flip flop 92 supplies an inverted Q output to the 
high-gate counter 90 so that the high-gate counter 90 
starts to count the clock pulses. The Q output is 
supplied to the switching circuit 78, the high- edge output 
circuit 99, and the low- edge output circuit 102. 

The high- edge output circuit 99 supplies a pulse 
to the delay circuit 101, and also to the latch circuit 96 
at a rising of the Q output. The delay circuit 101 delays 
the pulse supplied from the high-edge output circuit 99, 
and supplies the delayed pulse to the counter circuit 95 
and to the OR gate 83. 

The low-edge output circuit 102 supplies a pulse 
to the delay circuit 103, and also to the latch circuit 98 
at a falling of the Q output. The delay circuit 103 
delays the pulse supplied from the low- edge output circuit 
102, and supplies the delayed pulse to the counter circuit 
97 and to the OR gate 83. 

The counter circuit 95, which includes a preset 
input and a carry output, counts the clock pulses supplied 
from the AND gate 88, The counter circuit 95 counts the 
clock pulses while the FM pulse signal is at the low level - 
Further, the counter circuit 95 supplies a counted value 
expressed in bits Ql through Qn to the latch circuit 96. 



The counted value of the counter circuit 95 is cleared by 
the pulse supplied from the delay circuit 101. 

The latch circuit 96 latches the counted value 
of the counter circuit 95 based on the pulse supplied from 
the high-edge output circuit 99. The latched counted 
value is supplied to the A input of the switching circuit 
78. 

The counter circuit 97, which has the same 
structure as the above -described counter circuit 95, 
counts the clock pulses supplied from the AND gate 87. 
The counter circuit 97 counts the clock pulses while the 
FM pulse signal is at the high level. Further, the 
counter circuit 97 supplies a counted value expressed in 
bits Ql through Qn to the latch circuit 98. The counted 
value of the counter circuit 97 is cleared by the pulse 
supplied from the delay circuit 103. 

The latch circuit 98 latches the counted value 
of the counter circuit 97 based on the pulse supplied from 
the low-edge output circuit 102. The latched counted 
value is supplied to the B input of the switching circuit 
78. 

FIG. 10 is a timing chart of signals in the 
signal processing circuit 31 shown in FIG. 9. FIG. 10 (a) 
through (m) show the FM pulse signal, the clock pulses 
(CLK), the output of the AND gate 87, the output of the 
inverter 89, the output of the AND gate 88, the input to 
the set input of the R-S flip flop 92, the input to the 
reset input of the R-S flip flop 92, the Q output of the 
R-S flip flop 92, the inversed Q output of the R-S flip 
flop 92, the output of the high-edge output circuit 99, 
the output of the low-edge output circuit 102, the delay 
pulse supplied from the delay circuit 101, and the delay 
pulse supplied from the delay circuit 103, respectively. 
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The FM pulse signal of FIG. 10 (a) is supplied 
to the AND gate 87 and to the inverter 89. The clock 
pulses of FIG. 10 (b) are supplied to the AND gates 87 and 
88. The output of the inverter 89 shown in FIG. 10 (d) 
shows an inversed signal of the FM pulse signal of FIG. 10 
(a). The AND circuit 87 performs an AND operation based 
on the clock pulses and the FM pulse signal so as to 
output the pulse signal shown in FIG. 10 (c). The AND 
gate 88 performs an AND operation based on the clock 
pulses and the inversed FM pulse signal so as to output 
the pulse signal shown in FIG. 10 (e) . 

For instance, the low-gate counter 93 counts the 
clock pulses supplied from the AND gate 88, and supplies 
the counted value to the gate circuit 94. The gate 
circuit 94 supplies the pulse to the reset input of the R- 
S flip flop 92 when the counted value reaches the 
predetermined value. 

At a timing tl, when the inversed Q output is 
switched to a high level as shown in FIG. 10 (i) , the 
counted value of the low-gate coimter 93 is reset so that 
the pulse is supplied to the reset input of the R-S flip 
flop 92 as shown in FIG. 10 (g). The high-gate counter 90 
counts the clock pulses supplied from the AND gate 87 
shown in FIG. 10 (c) since the Q output of FIG. 10 (h) is 
switched to a low level. 

At a timing t2, the counted value of the counter 
circuit 97 is reset by the delay pulse supplied from the 
delay circuit 103 shown in FIG. 10 (m) . A period between 
the timings tl and t2 is a delay period T4 of the pulse 
output from the delay circuit 103. 

At a timing t3, when the counted value of the 
high-gate counter 90 reaches the predetermined value, the 
counted value is supplied to the set input of the R-S flip 



flop 92 as shown in FIG. 10 (f ) . 

The R-S flip flop 92 sets the Q output of FIG. 
10 (h) at a high level and the inversed Q output of FIG. 
10 (i) at a low level based on the input to the set input 
of the R-S flip flop 92. By the Q output being switched 
to the high level, the low-gate counter 93 counts the 
clock pulses supplied from the AND gate 88 shown in FIG. 
10 (e), and by the Q output being switched to the low 
level, the counted value of the high-gate counter 90 is 
reset . 

The high-edge output circuit 99 outputs the 
pulse to the latch circuit 96 and to the delay circuit 101 
at a rising of the Q output as shown in FIG. 10 (3). The 
latch circuit 96 latches the counted value of the counter 
circuit 95 based on the output of the high- edge output 
circuit 99. The pulse delayed by the delay circuit 101 is 
output as shown in FIG. 10 (1). 

At a timing t4, the counted value of the counter 
circuit 95 is reset by the delay pulse supplied from the 
delay circuit 101 shown in FIG. 10 (1) . A period between 
the timings t3 and t4 is the delay period T4 of the pulse 
output from the delay circuit 101. 

At a timing t5, when the counted value of the 
low-gate counter 93 reaches the predetermined value, the 
gate circuit 94 supplies the pulse to the reset input of 
the RtS flip flop 92. 

The R-S flip flop 92 sets the Q output of FIG. 
10 (h) at the low level and the inversed Q output of FIG. 
10 (i) at the high level based on the input to the reset 
input of the R-S flip flop 92. By the inversed Q output 
being switched to the high level, the high-gate counter 90 
counts the clock pulses supplied from the AND gate 87 
shown in FIG. 10 (c), and by the inversed Q output being 



switched to the low level, the counted value of the low- 
gate counter 93 is reset. 

The low- edge output circuit 102 outputs the 
pulse to the latch circuit 98 and to the delay circuit 103 
at a falling of the Q output as shown in FIG. 10 (k) . The 
latch circuit 98 latches the counted value of the counter 
circuit 97 based on the output of the low- edge output 
circuit 102, The pulse delayed by the delay circuit 103 
is output as shown in FIG. 10 (m) . 

At a timing t6, the counted value of the counter 
circuit 97 is reset by the delay pulse supplied from the 
delay circuit 103 shown in FIG. 10 (m) . A period between 
the timings t5 and t6 is the delay period T4 of the pulse 
output from the delay circuit 103 . 

The switching circuit 78 perfoonns a switching 
operation so that the counted value input to the A input 
is output when the Q output is at the high level, and the 
counted value input to the B input is output when the Q 
output is at the low level. That is, the output of the 
switching circuit 78 is switched to the counted value 
input to the A input based on the pulse supplied from the 
delay circuit 101 and to the counted value input to the B 
input based on the pulse supplied from the delay circuit 
103. 

According to this embodiment, the signal 
processing circuit 31 has the same effect as the signal 
processing circuit 30 of FIG. 7. 

A description will now be given of a fourth 
embodiment of the present invention. 

FIG. 11 is a block diagram of a signal 
processing circuit 32 according to the fourth embodiment, 
and FIG. 12 is a timing chart of signals in the signal 
processing circuit 32. The signal processing circuit 32 
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is a variation of the signal processing circuit 31 of FIG. 
9. In FIG. 11, the* same elements as those of FIG. 9 are 
referred to by the same numerals and a description thereof 
will be omitted. The signal processing circuit 32 differs 
from the signal processing circuit 31 in that a PLL 
(phase-locked loop) circuit 105 and a delay circuit 104 
replace the high-gate and low-gate counters 90 and 93, the 
gate circuits 91 and 94, and the R-S flip flop 92. A 
description will be given below of the PLL circuit 105 and 
the delay circuit 104. 

The PLL circuit 105 includes a 90"^ phase 
comparator circuit 106, a VCO (voltage-controlled 
oscillator) 107, and a 1/N frequency divider 108. When an 
ideal FM pulse signal (PLL input signal) shown in FIG. 12 
(a) is supplied to the PLL circuit 105, the PLL circuit 
105 outputs a PLL output signal shown in FIG. 12 (b) , 
which signal has a phase difference of 90° with respect to 
the FM pulse signal. The 90° phase comparator circuit 106 
compares the phases of the FM pulse signal and the PLL 
output signal, and outputs the FM pulse signal to the VCO 
107 so that a phase difference between the FM pulse signal 
and the PLL output signal is 90° - The VCO 107 generates 
a clock pulse signal of a predetermined frequency based on 
the supplied FM pulse signal. The clock pulse signal is 
supplied to the 1/N frequency divider 108, which divides 
the frequency of the clock pulse signal in a predetermined 
division ratio (1/N) so as to output the FM pulse signal 
having a phase difference of 90° . The FM pulse signal 
having the phase difference of 90° is supplied to the 
delay circuit 104, the high-edge and low-edge output 
circuits 99 and 102, and the 90° phase compeirator circuit 
106. 

The delay circuit 104 delays the FM pulse signal 
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supplied from the PLL circuit 105, and supplies the 
delayed FM pulse signal to the switching circuit 78. 

The counted value of the counter circuit 95 is 
cleared by the pulse supplied from the delay circuit 103. 
The latch circuit 96 latches the supplied counted value of 
the counter circuit 95 based on the pulse supplied from 
the low-edge output circuit 102. 

The counted value of the counter circuit 97 is 
cleared by the pulse supplied from the delay circuit 101. 
The latch circuit 98 latches the supplied counted value of 
the counter circuit 97 based on the pulse supplied from 
the high- edge output circuit 99 . 

FIG. 12 (a) through (1) show the ideal PLL input 
signal (FM pulse signal), the PLL output signal, an actual 
FM pulse signal (input signal) including chattering, the 
clock pulses (CLK), the output of the AND gate 87, the 
output of the inverter 89, the output of the AND gate 88, 
the output of the high- edge output circuit 99, the delay 
pulse supplied from the delay circuit 101, the output of 
the low-edge output circuit 102, the delay pulse supplied 
from the delay circuit 103, and the delay pulse supplied 
from the delay circuit 104, respectively. A description 
of the signals having the same timings as described in the 
third embodiment with reference to FIG. 10 will be omitted 

When the actual input signal of FIG. 12 (c) is 
supplied to the PLL circuit 105, the PLL circuit 105 
outputs the PLL output signal of FIG. 12 (b) . 

At a timing tl, the high-edge output circuit 99 
outputs the pulse as shown in FIG. 12 (h) based on the PLL 
output signal of FIG. 12 (b) . The latch circuit 96 
latches the counted value of the counter circuit 95 based 
on the pulse supplied from the high- edge output circuit 99 

At a timing t2, the counter circuit 95 is reset 
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by the delay pulse output from the delay circuit 101. 
Thereafter, the counter circuit 95 resumes the count of 
the clock pulses supplied from the AND circuit 87 shown in 
FIG. 12 (e). 

At a timing t3, when the PLL output signal is 
switched to a low level, the low-edge output circuit 102 
outputs the pulse at a falling of the PLL output signal as 
shown in FIG, 12 (j). The latch circuit 98 latches the 
counted value of the counter circuit 97 based on the pulse 
supplied from the low-edge output circuit 102. 

At a timing t4, the counter circuit 97 is reset 
by the delay pulse output from the delay circuit 103. 
Thereafter, the counter circuit 97 resumes the count of 
the clock pulses supplied from the AND gate 88 shown in 
FIG. 12 (g). 

During a period between timings t5 and tS, the 
same operation is repeated. 

The counter circuit 95 counts the clock pulses 
of the positive polarity (active-high) period of the input 
signal of FIG. 12 (c) for a period, for instance, a period 
between the timings t4 and t8, which is required before 
the counter circuit 95 is reset by the delay pulse output 
from the delay circuit 103. 

The counter circuit 97 counts the clock pulses 
of the negative polarity (active-low) period of the input 
signal of FIG. 12 (c) for a period, for instance, a period 
between the timings t4 and t8, which is required before 
the coxinter circuit 97 is reset by the delay pulse output 
from the delay circuit 101. 

The delay circuit 104 supplies the switching 
circuit 78 with the pulse signal whose polarity is 
reversed at the timings at which the counter circuits 95 
and 97 are reset. The switching circuit 78 performs a 
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switching operation so as to output a latched one of the 
counted values based on the pulse signal supplied from the 
delay circuit 104. According to this embodiment, when the 
output signal of the delay circuit 104 has a positive 
polarity, the counted value latched by the latch circuit 
96 is output, and when the output signal of the delay 
circuit 104 has a negative polarity, the counted value 
latched by the latch circuit 98 is output. In other words, 
the switching circuit 78 performs a switching operation so 
as to output the counted value latched at the timing tl by 
the latch circuit 96 at the timing t2 at which the coxinter 
circuit 95 is reset. Further, the switching circuit 78 
performs a switching operation so as to output the counted 
value latched at the timing t3 by the latch circuit 98 at 
the timing t4 at which the counter circuit 97 is reset. 

According to this embodiment, the timings for 
counting the clock pulses in the positive and negative 
polarity periods of the FM pulse signal are obtained by 
generating, in the PLL circuit 105, the pulse having the 
phase difference of 90° with respect to the input signal. 
According to this embodiment, the timings for counting the 
clock pulses can be obtained only through the PLL circuit 
105, thus allowing the signal processing circuit 32 to 
have a simple structure compared with the signal 
processing circuit 31. 

The present invention is not limited to the 
specifically disclosed embodiments, and variations and 
modifications may be made without departing from the scope 
of the present invention. 

The present application is based on Japanese 
priority applications No. 11-361558 filed on December 20, 
1999, and No. 2000-381245 filed on December 15, 2000, the 
entire contents of which cire hereby incorporated by 



